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PIXEL ZOOM SYSTEM AND METHOD FOR A 
COMPUTER GRAPHICS SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of copending 
US. utility application entitled, “Pixel Zoom System and 
Method for a Computer Graphics System,” having Ser. No. 
09/288,734, ?led Apr. 9, 1999, Which is entirely incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to graphics 
systems in computers, and, more particularly, to a system 
and method for ef?ciently implementing piXel Zooms in such 
computer graphics systems. 

BACKGROUND OF THE INVENTION 

[0003] Acomputer graphics system, sometimes referred to 
as a graphics pipeline, accelerator, or engine, associated With 
a computer, for eXample, a personal computer or Worksta 
tion, are commonly used for processing graphical data and 
displaying graphical representations of objects on tWo 
dimensional computer display screens. Current computer 
graphics systems can provide highly detailed representations 
and are used in a variety of different applications. 

[0004] In typical computers, particularly, in their com 
puter graphics systems, an object to be represented on the 
computer display screen is de?ned by a plurality of graphics 
primitives. Primitives are basic components of a graphics 
picture and may include points, vectors (lines), and poly 
gons, for eXample, triangles. Each primitive is made up of 
spans of picture elements (pixels). HardWare and/or soft 
Ware is implemented to render, or draW, on the tWo-dimen 
sional display screen, the graphics primitives that represent 
the vieW of one or more objects being represented on the 
screen. 

[0005] The primitives that de?ne the three-dimensional 
object to be rendered are usually originated and provided to 
the graphics system by a central processing unit (CPU), 
Which de?nes each primitive in terms of a set of primitive 
data. For eXample, When the primitive is a triangular primi 
tive, then the CPU may de?ne the primitive in terms of a set 
of X‘, y‘, Z‘ piXel coordinates (unnormaliZed orthogonal 
coordinate system) corresponding With the triangular primi 
tive’s vertices, as Well as set of color values (R, G, B values) 
for each verteX. Rendering hardWare or softWare, associated 
With a rasteriZer of the graphics system, ultimately interpo 
lates the data from the CPU, typically after several other 
processing stages, in order to produce the X, y, Z screen 
coordinates (normaliZed orthogonal coordinate system) cor 
responding With the piXels that are activated/deactivated to 
represent each primitive and the color values (R, G, B 
values) for each of the screen coordinates X, y, Z. The X, y, 
Z screen coordinate data is driven to a raster scan display 

device, such as a computer monitor, by the graphics system. 

[0006] Generally, a piXel Zoom is a feature made available 
to a user of the computer (and graphics system) that enables 
the user to enlarge and/or reduce a desired region of an 
image on a display screen. The user de?nes a region, or 

region, to be Zoomed (enlarged or reduced) by any appro 
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priate input(s), for eXample, de?ning a WindoW around the 
region to be Zoomed on a display screen. The region to be 
Zoomed can be modi?ed differently along its X, y aXes. In 
other Words, the region may be enlarged (abs|Zoom|§1) 
along one aXis, While reduced (abs|Zoom|<1) along the other 
aXis, or either enlarged or reduced by different magnitudes 
(ZoomX, ZoomY) along the X, y aXes. Furthermore, the 
Zoom magnitudes may be integers (integer ZoomX, integer 
ZoomY) or ?oating point numbers (?oat ZoomX, ?oat 
ZoomY). Finally, enlargement along an aXis (X or y) basi 
cally involves rendering an appropriate number of duplicates 
for each piXel in the Zoomed region, While reduction along 
an aXis generally involves deactivation of some of the piXels 
and strict copy of the others. 

[0007] The OpenGL graphics speci?cation, Which is a 
Well knoWn computer graphics industry standard that Was 
adopted around 1992, speci?es a piXel Zoom function, i.e., 
PiXelZoom(?oat ZoomX, ?oat ZoomY) performed at a raster 
position Xrp, yI as a WindoW de?ned by coordinates 
bounded by a rectangle With corners: (Xrp+ZOOII1X*I1, yrp+ 
ZoomY*m) and (Xrp+ZOOII1X*(I1+1), yIp+ZoomY*(m+1)), 
Where ZoomX and ZoomY are each a negative, positive, or 
Zero amount of Zoom, Where n and m are respectively the 
roW and the column of piXels in the image, and Where the 
coordinates (Xrp,yrp) de?nes the raster scan position in the 
tWo-dimensional X,y space of the image. Any partial piXel 
Whose center lies inside of this rectangle (or on its bottom or 
left boundaries) are produced in correspondence With this 
particular group of elements. 

[0008] Most, if not all, currently implemented rasteriZers 
blindly implement a piXel-by-piXel check and replication/ 
deactivation based on the aforementioned equations, Which 
de?ne a bounding boX, or splat. Use of these equations is 
sometimes referred to as the “bounding boX technique.” The 
bounding boX technique is undesirable in that it is very time 
consuming to implement, complicated, and computationally 
intensive, especially considering that the Zoom function is 
performed on a piXel-by-piXel basis on every piXel in the 
region to be Zoomed. 

[0009] Thus, an unaddressed need eXists in the industry 
for a more ef?cient and simpli?ed Way to implement piXel 
Zooms in computer graphics systems associated With com 
puters. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a piXel Zoom sys 
tem and method for computer graphics system of a computer 
for ef?ciently implementing a piXel Zoom feature, or func 
tion or process. The piXel Zoom system and method over 
come the disadvantages and problems of the prior art, noted 
previously. Particularly, the piXel Zoom system and method 
are less time consuming to implement, less complicated, and 
require far feWer mathematical computations, as compared 
to the prior art. 

[0011] In architecture, the piXel Zoom system includes a 
rasteriZer designed to de?ne a neW Zoomed (enlarged or 
reduced) raster image of a region in an original raster image 
having piXels de?ned in a coordinate system With orthogonal 
?rst and second aXes (X,y), the region comprising a plurality 
of original piXels. The region to be Zoomed can be modi?ed 
differently along its X, y aXes. In other Words, the region may 
be enlarged (abs|Zoom|>1) along one aXis, While reduced 
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(abs|Zoom|<1) along the other axis, or either enlarged or 
reduced by different magnitudes (ZoomX, ZoomY) along the 
x, y axes. In addition, the region may be ?ipped or trans 
lated, about the X axis (ZoomX<0) or ?ipped about the y axis 
(ZoomY>0). Furthermore, the Zoom magnitudes may be 
integers (integer ZoomX, integer ZoomY) or ?oating point 
numbers (?oat ZoomX, ?oat ZoomY). The rasteriZer is 
designed to (1) determine a starting raster position for the 
Zoomed raster image; (2) determine a ?rst number of ?rst 
pixels along the ?rst axis for each roW of the original pixels; 
and (3) determine, for each roW of the original pixels, a 
second number of second pixels along the second axis for 
each column of the original pixels. A rendering mechanism 
associated With the pixel Zoom system is designed to render 
the Zoomed image based upon the starting raster position, 
the ?rst numbers corresponding With the original pixel roWs, 
the second numbers corresponding With the original pixel 
columns. 

[0012] The present invention can also be conceptualiZed 
as providing a method for ef?ciently implementing a pixel 
Zoom function in a computer graphics system. In this regard, 
the method can be broadly and simply summariZed by the 
folloWing steps: (a) de?ning a Zoomed raster image of a 
region in an original raster image having pixels de?ned in a 
coordinate system With orthogonal ?rst and second axes, the 
region comprising a plurality of original pixels, by: (1) 
determining a starting raster position for said Zoomed raster 
image; (2) determining a ?rst number of ?rst pixels along 
said ?rst axis for each roW of said original pixels; and (3) for 
each roW of said original pixels, determining a second 
number of second pixels along said second axis for each 
column of said original pixels; and (b) rendering said 
Zoomed image based upon said starting raster position, said 
?rst numbers corresponding With said original pixel roWs, 
said second numbers corresponding With said original pixel 
columns. 

[0013] Other features and advantages of the present inven 
tion Will become apparent to one With skill in the art upon 
examination of the folloWing draWings and detailed descrip 
tion. These additional features and advantages are intended 
to be included herein Within the scope of the present 
invention and protected by the claims set forth in the latter 
part of this document. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention can be understood With 
preference to the folloWing draWing. The draWing are not 
necessarily to scale, emphasis instead being placed upon 
clearly illustrating principles of the invention. Furthermore, 
in the draWings, like reference numerals designate corre 
sponding parts throughout the several vieWs. 

[0015] FIG. 1A is a graphical diagram of an original raster 
scan image shoWing a highlighted original region to undergo 
a Zoom process; and 

[0016] FIG. 1B is a graphical diagram of the image of 
FIG. 1A shoWing a highlighted Zoomed region generally 
corresponding to the highlighted original region of FIG. 1A 
but processed via x and y Zoom magnitudes (ZoomX, 
ZoomY) of +3.6 and +3.6, respectively, along an x-axis and 
a y-axis, respectively; 

[0017] FIG. 1C is a graphical diagram of the image of 
FIG. 1A shoWing a highlighted Zoomed region generally 
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corresponding to the highlighted original region of FIG. 1A 
but processed via x and y Zoom magnitudes (ZoomX, 
ZoomY) of —3.6 and +3.6, respectively, along an x-axis and 
a y-axis, respectively; 

[0018] FIG. 1D is a graphical diagram of the image of 
FIG. 1A shoWing a highlighted Zoomed region generally 
corresponding to the highlighted original region of FIG. 1A 
but processed via x and y Zoom magnitudes (ZoomX, 
ZoomY) of +3.6 and —3.6, respectively, along an x-axis and 
a y-axis, respectively; 

[0019] FIG. 1E is a graphical diagram of the image of 
FIG. 1A shoWing a highlighted Zoomed region generally 
corresponding to the highlighted original region of FIG. 1A 
but processed via x and y Zoom magnitudes (ZoomX, 
ZoomY) of +0.55 and +0.55, respectively, along an x-axis 
and a y-axis, respectively; 

[0020] FIG. 2A is an electronic block diagram of a 
computer system having the pixel Zoom system in accor 
dance With a ?rst embodiment of the invention implemented 
in a graphics system in connection With a rasteriZer in 
hardWare 

[0021] FIG. 2B is an electronic block diagram of a pos 
sible implementation of the graphics system of FIG. 1A; 

[0022] FIG. 3 is an electronic block diagram shoWing the 
architecture, functionality, and operation of a possible 
implementation of the pixel Zoom system of FIGS. 1A and 
1B in accordance With the present invention; and 

[0023] FIG. 4 is an electronic block diagram of a com 
puter system having a pixel Zoom system in accordance With 
a second embodiment of the invention implemented in a 
system memory in connection With a rasteriZer in softWare. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0024] To clearly understand the bene?ts of the present 
invention as compared to the prior art, it is necessary to fully 
understand the Zoom feature, or function or process, asso 
ciated With graphics systems of computers, such as conven 
tional personal computers or Workstations. Consider FIGS. 
1A through 1E Which graphically illustrate examples of 
Zoom scenarios that can be implemented by prior art systems 
and that can also be ef?ciently implemented by the pixel 
Zoom system 20 (?rst embodiment of FIGS. 2A and 2B and 
second embodiment of FIG. 4) and associated methodology 
of the present invention. These Zoom function examples are 
fully described hereafter. 

[0025] FIG. 1A is a graphical diagram of an original raster 
scan image de?ned in an orthogonal x,y coordinate system 
(roWs versus columns) shoWing a highlighted region 15a to 
undergo a Zoom process. More speci?cally, FIG. 1A shoWs 
an image 11 having a plurality of pixels 13, the locations of 
Which are de?ned in the x, y coordinate system having an 
origin (0,0) at the bottom left corner of the image 11 and 
extending along an x-axis to xJ and extending along a y-axis 
to yl. The rectangular highlighted region 15a of FIG. 1A, 
Which in this example comprises a total of eight pixels (four 
in one roW and four in another contiguous roW), is Zoomed 
and rendered, or produced, by the Zoom function imple 
mented in the rasteriZer. Assume, for example, that the 
highlighted region 15a is to be Zoomed, or enlarged, by +3.6 
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along the X and y axes, Which Would be represented by a 
?oating point number in a rasteriZer. 

[0026] Recall that the OpenGL graphics speci?cation, 
Which is a Well knoWn computer graphics industry standard 
that Was adopted around 1992, speci?es a pixel Zoom 

function, i.e., PiXelZoom(?oat ZoomX, ?oat ZoomY) per 
formed at a raster position Xrp, yrp as a WindoW de?ned by 
coordinates bounded by a rectangle With corners: (Xrp+ 
ZoomX*n, yIp+ZoomY*m) and (Xrp+ZOOII1X*(I1+1), yrp+ 
ZoomY*(m+1)), Where ZoomX and ZoomY are each a nega 
tive or positive amount of Zoom, Where n and m are 

respectively the roW and the column of piXels in the image, 
and Where the coordinates (Xrp,yrp) de?nes the raster scan 
position in the tWo-dimensional X,y space of the image. 
Moreover, pursuant to the OpenGL speci?cation, any partial 
piXel Whose center lies inside of this rectangle (or on its 
bottom or left boundaries) are produced in correspondence 
With this particular group of elements. 

[0027] Using the OpenGL speci?cation and the foregoing 
Zoom speci?cations, the rasteriZer implementing the Zoom 
function Will produce a neW rectangular Zoomed region 15b, 
as shoWn highlighted in FIG. 1B. Generally, FIG. 1B is a 
graphical diagram of the image 11 of FIG. 1A shoWing a 
highlighted Zoomed region 15b generally corresponding to 
the highlighted region 15a of FIG. 1A but processed via X 
and y Zoom magnitudes (ZoomX, ZoomY) of +3.6 and +3.6, 
respectively, as eXamples, along an X-aXis and a y-aXis, 
respectively. Although other schemes are possible, the ren 
dering typically begins at the bottom left at the raster 
position With coordinates (Xsmt, ysmt), Which is (50.3, 50.3) 
in this eXample pursuant to the OpenGL speci?cation, and 
proceeds along each span of the primitive from left to right 
in the X-aXis direction and from span to span from bottom to 
top of the primitive in the y-aXis direction. Comparing 
regions 15a and 15b, piXel blocks 16a-16h correspond to 
piXel blocks 16a‘-16h‘, respectively. It can be seen from 
FIG. 1B that the resulting Zoomed region 15b, resulting 
from application of the foregoing OpenGL speci?cation, 
seems completely unpredictable as far as the Zooming 
factors for each block 16a-16h. This is perhaps a reason Why 
the time-consuming bounding comparisons of the prior art 
lasted as long as they have in currently implemented ras 
teriZers. The beginning (Xsmt, ySmQ of the neW Zoomed 
region 15b is offset from the original region 15a and the 
Zooming by a ?oating point value, such as +3.6, results in 
Widths of 3 to 4 and heights of 3 to 4 on a seemingly random 
basis. 

[0028] FIG. 1C is a graphical diagram of the image 11 of 
FIG. 1A shoWing a highlighted rectangular Zoomed region 
15c of piXels 13 generally corresponding to the highlighted 
region 15a of FIG. 1A but processed via X and y Zoom 
magnitudes (ZoomX, ZoomY) of —3.6 and +3.6, respectively, 
as eXamples, along an X-aXis and a y-aXis, respectively. In 
this eXample, the original region 15a is reduced along the 
X-aXis and enlarged along the y-aXis. Rendering of the 
highlighted Zoomed region 15c commences at (Xstart,ystart)= 
(37, 75). Comparing regions 15a and 15c, piXel blocks 
16a-16h of FIG. 1A correspond to modi?ed piXel blocks 
16a‘-16h‘in FIG. 1C, respectively. The foregoing starting 
position (XStaIt,yStm)=(37,75) can be determined using the 
bounding boX methodology speci?ed by the OpenGL speci 
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?cation, or alternatively, can be more efficiently determined 
in accordance With the system and method of the present 
invention. 

[0029] FIG. 1D is a graphical diagram of the image 11 of 
FIG. 1A shoWing a highlighted rectangular Zoomed region 
15d generally corresponding to the highlighted region 15a of 
FIG. 1A but processed via X and y Zoom magnitudes 
(ZoomX, ZoomY) of +3.6 and —3.6, respectively, as 
eXamples, along an X-aXis and a y-aXis, respectively. In this 
eXample, the original region 15a is enlarged along the X-aXis 
and reduced along the y-aXis. Rendering of the highlighted 
Zoomed region 15c commences at (XStart,yStm)=(51,84). 
Comparing regions 15a and 15d, piXel blocks 16a-16h of 
FIG. 1A correspond to modi?ed piXel blocks 16a‘-16h‘in 
FIG. 1D, respectively. The foregoing starting position (Xsmt, 
ystart)=(5l,84) can be determined using the bounding boX 
methodology speci?ed by the OpenGL speci?cation, or 
alternatively, can be more efficiently determined in accor 
dance With the system and method of the present invention. 

[0030] FIG. 1E is a graphical diagram of the image 11 of 
FIG. 1A shoWing a highlighted rectangular Zoomed region 
156 generally corresponding to the highlighted region 15a of 
FIG. 1A but processed via X and y Zoom magnitudes 
(ZoomX, ZoomY) of +0.55 and +0.55, respectively, as 
eXamples, along an X-aXis and a y-aXis, respectively. In this 
eXample, the original region 15a is enlarged along the X and 
y aXes, but by a fractional amount, Where ZoomX<1 and 
ZoomY<1. Rendering of the highlighted Zoomed region 15c 
commences at (XStm,yStarQ=(51,76). Comparing regions 15a 
and 15e, piXel blocks 16a-16h of FIG. 1A correspond to 
modi?ed piXel blocks 16f-16h‘in FIG. 1E, respectively. In 
this eXample, piXels are deactivated, as opposed to dupli 
cated, in the Zoomed region. The foregoing starting position 
(XStm,yStarQ=(51,76) can be determined using the bounding 
boX methodology speci?ed by the OpenGL speci?cation, or 
alternatively, can be more efficiently determined in accor 
dance With the system and method of the present invention. 

[0031] The piXel Zoom system 20 of the present invention 
can be implemented in association With, for eXample but not 
limited to, a rasteriZer, rendering mechanism, or other 
mechanism Where raster scan conversion takes place in the 
computer graphics system. Moreover, the piXel Zoom system 
can be implemented in hardWare (FIGS. 2A and 2B), 
softWare (FIG. 5), ?rmWare, or a combination thereof. 
When implemented in softWare or ?rmWare, the piXel Zoom 
system can be stored, transported, and/or utiliZed While 
residing on any computer-readable medium for use by or in 
connection With any suitable computer-based system, for 
eXample, a personal computer, Workstation, minicomputer, 
or mainframe computer. In the conteXt of this document, a 
“computer-readable medium” can be any means that can 

contain, store, communicate, propagate, or transport the 
program for use by or in connection With the instruction 
eXecution system, apparatus, or device. The computer read 
able medium can be, for eXample but not limited to, an 
electronic, magnetic, optical, electromagnetic, infrared, or 
semiconductor system, apparatus, device, or propagation 
medium. More speci?c eXamples (a noneXhaustive list) of 
the computer-readable medium Would include the folloW 
ing: an electrical connection (electronic) having one or more 
Wires, a portable computer diskette (magnetic), a random 
access memory (RAM) (magnetic), a read-only memory 
(ROM) (magnetic), an erasable programmable read-only 
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memory (EPROM or Flash memory) (magnetic), an optical 
?ber (optical), and a portable compact disc read-only 
memory (CDROM) (optical). Note that the computer-read 
able medium could even be paper or another suitable 
medium upon Which the program is printed, as the program 
can be electronically captured, via for instance optical 
scanning of the paper or other medium, then compiled, 
interpreted or otherWise processed in a suitable manner if 
necessary, and then stored in a computer memory. 

A. FIRST EMBODIMENT 

[0032] A?rst embodiment of the piXel Zoom system 20 of 
the present invention is set forth in FIGS. 2A and 2B. As 
shoWn in FIG. 2A, in this ?rst embodiment, the system 20 
as Well as the rasteriZer 22 are implemented in hardWare 
(H/W) Within the hardWare-based graphics system 23 of a 
computer 26. The hardWare can be, for eXample, combina 
tional logic gates implemented as an application speci?c 
integrated circuit (ASIC) 

[0033] As shoWn in FIG. 2A, the computer 26 includes a 
central processing unit (CPU) 27, a system memory 28 (one 
or collection of, e.g., RAM, ROM, nonvolatile memory, 
volatile memory, etc.) for storing softWare that is executed 
by the CPU 27, one or more input devices 29 (e.g., a mouse, 
keyboard, etc.) that can be operated by a user, a graphics 
system 33 for processing graphics data received from the 
CPU 27, a local interface 34, for eXample, one or more 
buses, con?gured to electrically interconnect the foregoing 
electronic elements, and a display device 31 (e.g., a com 
puter monitor) electrically connected to the graphics system 
33 via a connection 32 and con?gured to display the image 
data generated by the CPU 27 and further processed by the 
graphics system 33. 

[0034] Primitives that de?ne objects to be rendered are 
originated and provided to the graphics system 33 by the 
CPU 27, Which de?nes each primitive in terms of a set of 
primitive data. For eXample, When the primitive is a trian 
gular primitive, then the CPU 27 may de?ne the primitive in 
terms of a set of X‘, y‘, Z‘ piXel coordinates (unnormaliZed 
orthogonal coordinate system) corresponding With the tri 
angular primitive’s vertices, as Well as set of color values (R, 
G, B values) for each vertex. Rendering hardWare, associ 
ated With the rasteriZer 22 of the graphics system 33, 
ultimately interpolates the data from the CPU 27, after 
several other processing stages, in order to produce the X, y, 
Z screen coordinates (normaliZed orthogonal coordinate sys 
tem) corresponding With the piXels 13 that are activated/ 
deactivated to represent each primitive and the color values 
(R, G , B values) for each of the screen coordinates X, y, Z. 
The X, y, Z screen coordinate data is driven to the raster scan 
display device 31 by the graphics system 33. 

[0035] A loWer level electronic block diagram that more 
speci?cally illustrates the architecture of the hardWare-based 
graphics system 33 is shoWn in FIG. 2B. Referring to FIG. 
2B, the computer graphics system 33 includes one or more 
geometry accelerators 42 that are con?gured to receive 
verteX data from the CPU 27 and to de?ne the primitives that 
make up the vieW to be displayed. Each geometry accelera 
tor 42 may comprise any number of specialty control units 
43 for processing the image data, including, for eXample, a 
transform mechanism (TRANS) 44 for performing transfor 
mations on the verteX data, such as scaling or moving a 
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verteX in space, a clip mechanism (CLIP) 46 for clipping 
portions of objects that eXtend beyond a boundary, a light 
mechanism (LIGHT) 48 for enhancing the image data by 
simulating light conditions, and a plane equation mechanism 
(PLANE) 52 for de?ning the primitives in terms of math 
ematical ?oating point plane equations. Each of the control 
units 43 is typically implemented via cell logic and as 
separate distinct state machines. The output 53 of the 
geometry accelerator 42, referred to as rendering data, is 
used to generate ?nal screen coordinates and color data for 
each piXel and each primitive. The output 53 is passed to a 
rasteriZer 25, Which converts the geometry accelerator out 
put 53 to ?Xed point format from ?oating point format and 
Which produces piXel data 57. 

[0036] The piXel data 57 from the rasteriZer 22 is neXt 
communicated to a frame buffer control 58 and then to a 
frame buffer 62. The frame buffer 62 serves to temporarily 
store the piXel data prior to communication to the display 21. 
The piXel data is passed from the frame buffer 62 through a 
digital-to-analog converter (DAC) 64 and then to the display 
device 31. 

[0037] FIG. 3 is a block diagram shoWing the architecture, 
functionality, and operation of a possible implementation of 
the ?rst embodiment of the piXel Zoom system 20 of FIGS. 
2A and 2B in accordance With the present invention. It 
should also be noted that the second embodiment of the piXel 
Zoom system 20 of FIG. 4 uses generally the same logic 
shoWn in FIG. 3. Further note that, in the block diagram of 
FIG. 3, each block represents a module, segment, or portion 
of code, Which comprises one or more eXecutable instruc 
tions for implementing the speci?ed logical function(s). It 
should also be noted that in some alternative implementa 
tions, the functions noted in the blocks may occur out of the 
order noted in FIG. 3. For eXample, tWo blocks shoWn in 
succession in FIG. 3 may in fact be eXecuted substantially 
concurrently or the blocks may sometimes be eXecuted in 
the reverse order, depending upon the functionality 
involved. 

[0038] With reference to FIG. 3, generally, the piXel Zoom 
system 20 includes a rasteriZing mechanism 69, Which is 
designed to de?ne the Zoomed raster image by performing at 
least the folloWing operations: (1) determining a starting 
raster position (Xstamystm) for the Zoomed raster image; (2) 
determining a ?rst number (yreplica?o?l, 2, etc.) of piXels 13 
along the y-aXis for each roW of the original piXels 13 
(determining hoW high each block 16 should be in the 
Zoomed region); and (3) determining, for each roW of the 
original piXels 13, a second number (Xrep1icatiOn=1, 2, etc.) of 
piXels 13 along the X-aXis for each column of the original 
piXels 13 (determining hoW Wide each block 16 should be in 
the Zoomed region). As further illustrated in FIG. 3, ren 
dering mechanism 78 is in communication With the raster 
iZing mechanism 69 and is designed to render the Zoomed 
region based upon the starting raster position, the ?rst 
numbers (yreplica?on’s) corresponding With the original piXel 
roWs, the second numbers (Xreplica?on’s) corresponding With 
the original piXel columns, as de?ned and forWarded to it by 
the rasteriZing mechanism 69. 

[0039] More speci?cally, referring to FIG. 3, the piXel 
Zoom system 20 is prompted to retrieve or Waits to receive 
one or more inputs (Which can be preprocessed) from a user 

of the computer 26 via input device(s) 29 (FIG. 2A), 
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advising the computer 26 and graphics system 33 to perform 
a Zoom function. The region (for example but not limited to, 
region 15a highlighted in FIG. 1A) to be Zoomed as Well as 
the respective Zoom magnitudes (ZoomX, ZoomY) along the 
X and y aXes are input to the computer 26 and retrieved by 
the pixel Zoom system 20, as indicated at block 71 in FIG. 
3. The region may be input, for example, via having the user 
de?ne a WindoW around the region to be Zoomed on a 
display screen associated With display device 31. The Zoom 
magnitudes may be input via, for eXample, an input device 
29, such as a keyboard. The region to be Zoomed can be 
modi?ed differently along its X and y aXes. In other Words, 
the region may be enlarged (abs|Zoom|>1) along one aXis, 
While reduced (abs|Zoom|<1) along the other aXis, or either 
enlarged or reduced by different magnitudes (ZoomX, 
ZoomY) along the X, y aXes. In addition, the region may be 
?ipped or translated, about the X aXis (ZoomX<0) or ?ipped 
about the y aXis (ZoomY>0). Furthermore, the Zoom mag 
nitudes may be integers (integer ZoomX, integer ZoomY) or 
?oating point numbers (?oat ZoomX, ?oat ZoomY). Finally, 
enlargement along an aXis (X or y) basically involves ren 
dering an appropriate number of duplicates for each piXel 13 
in the Zoomed region, While reduction along an aXis gener 
ally involves deactivation of piXels 13. 

[0040] NeXt, the piXel Zoom system 20 calculates the 
starting location (xstawystm) for the neW Zoomed region (for 
eXample but not limited to, regions 15b-15e in respective 
FIGS. 1B-1E), given the particular input parameters, as 
denoted at block 72. To compute the starting location, the 
piXel Zoom system 20 is designed to perform the folloWing 
mathematical equations (Where the mathematical operation 
“ceil( k)” means the smallest integer that is greater than or 
equal to k and Where (Xrp,yrp) is the raster position of piXels 
13 in the original region 15 in the X,y coordinate system): 

xmn=ceil( IP—O.5) if x Zoom 2X20 Equation 1 

or xS‘an=ceil(xIp+zX—O.5) if x Zoom zX<O Equation 2 

and yS‘an=ceil(yIp—1.5) if y Zoom zy<O Equation 3 

or ymn=ceil(yIp+zy—1.5) ify Zoom ZYEO Equation 4 

[0041] NeXt, the heights of each piXel block 16 along the 
y-aXis, or yreplication, are computed. For each roW, yreplication 
is computed as folloWs (Where the mathematical operation 
“(Int32)(k)” means round k to a 32-bit integer): 

yrep1ica\ion=(Int32)(ystan_ce?(yrp+zy_l5)) if Zy<O 

Or y1ep1icmiQn=(Int32)(ysran_ce?(yrp_l5)) if 1E0 

[0042] If XS rnaX<=XS min or yreplication<=0, then the piXel 13 
Will not be rendered, or activated. OtherWise, there are 
ytep?mm of piXels 13 to render for each block 16 in the roW. 

[0043] NeXt, as indicated at blocks 73, 74, and 75, a 
looping logical operation commences. The piXel Zoom sys 
tem 20 calculates a block Width, or X for each piXel 
13 in the original roW, as folloWs: 

[0044] For ZXZO 

Equation 5 

Equation 6 

replication 

xmn=ceil(xIp+zX—O.5) Where x is the last piXel’s x. Equation 7 

xmn=ceil( IP—O.5) Where x is the last piXel’s x. Equation 9 

xIep1;Ca?0n=(Int3 2) (ceil(x+zXO .5) —xmn) Equation 1 O 

[0046] Then draW Xreplication piXels if Xreplication>0. Other 
Wise draW nothing. 
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xmn=xmn+zx Equation 11 

[0047] NeXt, as indicated by blocks 76 and 77, the piXel 
Zoom system 20 commences another looping operation the 
raster piXel height of the Zoomed region is fully determined. 
As indicated at block 77, the piXel Zoom system 20 jumps to 
a neW frame buffer location by determining a neW ysmt, as 
folloWs: 

ystai1=ystai1+zx Equation 12 

[0048] Finally, after the rasteriZing mechanism 69 has 
de?ned the Zoomed region, then the rendering mechanism 
78 of FIG. 3 renders the Zoomed region. In this regard, the 
rendering mechanism 78 interpolates the data from the 
rasteriZing mechanism 69, if desired, after other processing 
stages, in order to produce X, y, Z screen coordinates 
(normaliZed orthogonal coordinate system) corresponding 
With the piXels 13 that are to be activated/deactivated to 
represent each primitive and the color values (R, G , B 
values) for each of the screen coordinates X, y, Z. The X, y, 
Z screen coordinate data is driven to the raster scan display 
device 31 by the graphics system 33. 

B. SECOND EMBODIMENT 

[0049] A second embodiment of the invention Will noW be 
described With reference to FIG. 4. In general, FIG. 4 is an 
electronic block diagram of a computer system 86 having 
the piXel Zoom system 10 of the invention implemented in 
softWare in a system memory 28 in connection With a 
rasteriZer 22 and graphics softWare 88 that are also imple 
mented in softWare 

[0050] As shoWn in FIG. 4, the computer 86 includes a 
CPU 27, a system memory 28 for storing softWare that is 
eXecuted by the CPU 27, a graphics system 33 for process 
ing graphics data received from the CPU 27, one or more 
input devices 29, a local interface 24 con?gured to electri 
cally interconnect the foregoing elements, and a display 
device 21 connected to the graphics system 23 via a con 
nection 22 and con?gured to display the image data gener 
ated by the graphics system 23. 

[0051] The system memory 28 includes graphics softWare 
88 as Well as any suitable operating system 89, Which are 
eXecuted by the CPU 27. The graphics softWare 88 includes 
the rasteriZer 22 that operates in order to convert primitive 
data into piXel data for the display device 31. The architec 
ture, functionality, and operation of the piXel Zoom system 
20 in the computer 86 is shoWn in FIG. 4, Which Was 
previously described. 

[0052] As is clear from the foregoing discussion, the ?rst 
and second embodiments of the piXel Zoom system 20 can 
be used to perform any Zoom operation, for eXample, those 
shoWn in FIGS. 1B through 1E, in compliance With the 
OpenGL speci?cation, While being less complicated and 
requiring far feWer mathematical computations, as com 
pared to the bounding boX technique typically implemented 
in connection With the Open GL speci?cation. 

[0053] In concluding the detailed description, it should be 
noted the any and all “preferred embodiments” described 
hereinabove are intended to be nonlimiting eXamples of 
possible implementations. It Will be obvious to those skilled 
in the art that many variations and modi?cations may be 
made to such preferred embodiments Without substantially 
departing from the principles of the present invention. Any 
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and all alternative embodiments resulting from such varia 
tions and modi?cations are intended to be included herein 
Within the scope of the present invention and protected by 
the following claims. 

APPENDIX 

[0054] This Appendix illustrates mathematical derivations 
for the following equations that are utiliZed by the pixel 
Zoom system 20 of the present invention: xsmt, xreplication, 
ZoomX, ysmt, yreplica?on, ZoomY. In a strict mathematical 
sense, there is one derivation for xsmt, xreplication, for posi 
tive ZoomX, one derivation for negative ZoomX, one deri 
vation for ysmt, yreplication, for positive ZoomY, and ?nally, 
one derivation for negative ZoomY. All other possible deri 
vations for equations for any combination of Zoom that is 
possible, directly folloW from these four derivations, and so, 
for simplicity, all other derivations are not included. 

[0055] Each of the folloWing derivations is started by 
converting the graphics speci?cation to a set interval repre 
sentation. The next step converts raster positions (real value) 
in screen coordinates. Then, the open and closed intervals 
are used to determine an appropriate mathematical ceil 
function. To make the methodology of the present invention 
more efficient, a Well knoWn mathematical Lemma function 
is utiliZed over and over again. Generally, the Lemma 
operation is used to determine more ef?cient replication 
calculations. 

[0056] Negative ZoomX Case For ZX<O, the speci?cation 
requires colors of raster position xrp to duplicate Within lxrp 
+Zx xr”), Where ZX is a real number representing the Zoom 
of X. The screen position XS Will lie Within: 

[0057] S Is=[Xrp +ZX 055Xrp -0.5) =ceil(xrp +ZX-0.5) 
Xstart Xsmin =smallest integer containing (since closed 
i_nterval) =ceil(xrp +ZX-0.5) =ceil(xrp _iX—0.5) Where 
ZX=—ZX>0 Note in the Lemma ceil (a+n) =ceil (a) +n Where 
ncJ positive integers. xs. =ceil(xrp -0.5)-i Xrepll te =X, X - 
Xs.. =ceil(xrP +Zx -0. 5) -ceil(xrp- 0.5) IfXrepl,cate>O draW 
Pixel Xreplicate times else skip Pixel HP Docket No. 
10981091-2 Non-Negative ZoomX Case (Zero and Positive) 
For ZX>O Screen coordinate [x5]=[xrp -0.5, xrp +Zx -05) 
Xstart =Xg ceil(xrp 0.5) Xa.x5=cei -rp +Zx-.5)-i Xreplicate 
Xs snax Xs nn [xp] ceil(xrp +Z- 0.5) ceil(xrp 0-.5) If x >0 
replicate draW Pixel xreplicate times else skip Pixel HP 
Docket No. 10981091-2 Non-Negative Zoom Y Case (Posi 
tive and Zero) For Zy >0 Screen coordinate lY I]=[yp -0.5,yp 
+Zy -0.5) subtract 1 and use Lemma to get Ys max =ceil(yP 
+Zl -1.5) Ystar[]t ceil(y - 0.5) Calculate roW pixels (note 
that origin of the x and y axes is the loWer left of the image): 
Yreplcate =start y Ys max ifYreplicate>o draW roW Yrep 
licate times else skip roW HP Docket No. 10981091-2 
Negative ZoomY Case Z <0 ys =Lyp +Z- 0.5, y-0.5) 
2Ystart=YS?lll =ceil(yp -1.5) Ysmax ceil(yP +Zy -0.5) RoW 
pixels Yreplicate Ys mm Ys max If yreplicate >0 draW roW 
Yreplicate times else skip roW End of Appendix 

Therefore, at least the folloWing is claimed: 
1. A method for ef?ciently implementing a pixel Zoom 

function in a computer graphics system, comprising the 
steps of: 

(a) de?ning a Zoomed image of a region in an original 
raster image having pixels de?ned in a coordinate 
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system With orthogonal ?rst and second axes, the 
region comprising a plurality of original pixels, by: 

(1) determining a starting raster position for said 
Zoomed raster image; 

(2) determining a ?rst number of ?rst pixels along said 
?rst axis for each roW of said original pixels; and 

(3) for each roW of said original pixels, determining a 
second number of second pixels along said second 
axis for each column of said original pixels; and 

(b) rendering said Zoomed image based upon said starting 
raster position, said ?rst numbers corresponding With 
said original pixel roWs, said second numbers corre 
sponding With said original pixel columns. 

2. The method of claim 1, Wherein said Zoomed image is 
smaller in pixel siZe than said original image. 

3. The method of claim 1, Wherein said Zoomed image is 
larger in pixel siZe than said original image. 

4. The method of claim 1, Wherein said ?rst number is 
determined based upon a ?rst Zoom magnitude and Wherein 
said second number is determined based upon a second 
Zoom magnitude that is different than said ?rst Zoom mag 
nitude. 

5. The method of claim 1, further comprising the step of 
performing steps (a)(2) and (a)(3) successively on succes 
sive roWs of said original pixels. 

6. The method of claim 1, further comprising the step of 
receiving input information identifying said region to be 
zoomed. 

7. The method of claim 1, implemented With a processor 
programmed by softWare. 

8. The method of claim 1, implemented With combina 
tional logic in hardWare. 

9. The method of claim 1, Wherein said de?ning step is 
implemented With a processor programmed by softWare and 
said rendering step if implemented With combinational logic 
in hardWare. 

10. The method of claim 1, further comprising the step of 
receiving input information identifying a Zoom magnitude 
along said ?rst and second axes. 

11. The method of claim 10, Wherein any of said starting 
raster position, said Zoom magnitude along said ?rst axis, 
and said Zoom magnitude along said second axis is a ?oating 
point number. 

12. The method of claim 10, Wherein the set of said 
starting raster position, said ?rst Zoom magnitude along said 
?rst axis, and said second Zoom magnitude along said 
second axis comprises both ?oating point and integer num 
bers. 

13. Acomputer graphics system for efficiently implement 
ing a pixel Zoom function, comprising: 

(a) a rasteriZer designed to de?ne a Zoomed image of a 
region in an original raster image having pixels de?ned 
in a coordinate system With orthogonal ?rst and second 
axes, the region comprising a plurality of original 
pixels, by: 

(1) determining a starting raster position for said 
Zoomed raster image; 

(2) determining a ?rst number of ?rst pixels along said 
?rst axis for each roW of said original pixels; 
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(3) determining, for each roW of said original pixels, a 
second number of second pixels along said second 
axis for each column of said original pixels; and 

(b) a rendering mechanism designed to render said 
Zoomed image based upon said starting raster position, 
said ?rst numbers corresponding With said original 
pixel roWs, said second numbers corresponding With 
said original pixel columns. 

14. The system of claim 13, Wherein said rasteriZer 
performs steps (a)(2) and (a)(3) successively on successive 
roWs of said original pixels. 

15. The system of claim 13, further comprising an input 
mechanism for receiving input information identifying said 
region to be Zoomed. 

16. The system of claim 13, Wherein said rasteriZer and 
said rendering mechanism are implemented With a processor 
programmed by softWare. 
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17. The system of claim 13, Wherein said rasteriZer and 
said rendering mechanism are implemented With combina 
tional logic in hardWare. 

18. The system of claim 13, further comprising an input 
mechanism for receiving input information identifying a 
Zoom magnitude along said ?rst and second axes. 

19. The system of claim 18, Wherein any of said starting 
raster position, said Zoom magnitude along said ?rst axis, 
and said Zoom magnitude along said second axis is a ?oating 
point number. 

20. The system of claim 18, Wherein the set of said 
starting raster position, said Zoom magnitude along said ?rst 
axis, and said Zoom magnitude along said second axis 
comprises both ?oating point and integer numbers. 


